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Figure 5. (B1) Native brightfield and fluorescent image, (B2) resolution 
improved brightfield image, and (B3) phase image of a mixture of green 
fluorescent and non-fluorescent 4.5 μm polystyrene beads. (B4) A plot of the 
thickness measurement calculated from the phase image (see red line in B3), in 
comparison to the expected thickness profile [4].
Figure 6. Demonstration of digitally refocusing (C2) an out of focus sample (C1) 
using FPM [4]. 
Figure 7. Low resolution, full field of view of mouse neuron culture in 
comparison to a fluorescence overlayed phase image [4].
Conclusion
With EmSight, we demonstrated the ability to image cell cultures on an ANSI 
standard 6 well plate using low-cost components. We also showed that we can 
computationally improve the bright field resolution and increase the SBP of the 
system using FPM. Additionally, we can capture phase information and 
fluorescence data, as well as correct for aberrations. The creation of this 
system is a new path to the development of high throughput cell culture 
imaging and demonstrates the potential of using computational imaging to 
overcome physical constraints. A shortcoming of this system is the lack of 
improvement in the resolution of the fluorescent image. One possible solution 
would be to use a combination of aberration correction [6] and structured 
illumination [7] to improve the quality of the fluorescent image. The addition 
of a CO2 incubation stage, in place of the sample holder, would also further 
increase the utility of this system [8].
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Device Overview
Figure 2. Model of the bare enclosure and image of a fully constructed EmSight
system. The enclosure is made from 3D printed parts.
Illumination
• LED array at the top provides the main source of illumination. 
• Total of 13 x 13 LEDs are used to capture the low resolution data 
Fluorescent Imaging
• Fluorescent imaging is provided by high power, 470 nm LEDs placed at a 
slightly oblique angle from the wells.
• Single channel optimized for GFP (475/50 nm excitation filter and 535/50 
nm emission filter) 
System Control
• The LEDs and cameras are controlled via relays and microcontrollers on a 
separate board.
Imaging Scheme
• 1:1 imaging system beneath each well
• Consists of a pair of 4x, 0.1 NA, infinity-corrected objective lenses and a 
CMOS camera with a USB 3.0 connection placed at the base of the system
Figure 3. Setup for the system and example of the full field of view image taken 
at the native resolution of the system.  The sample in the image is Tg-TH-EGFP-
Gsat mouse neuron culture [4].
Results
Figure 4. A demonstration of the improvements in brightfield resolution. (A1) 
Low resolution image taken natively with EmSight. (A2) High resolution image 
improved using FPM. (A3) Close up view of groups eight through ten. Smallest 
resolvable element is group nine, element five. 
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B3Motivation: Development of a 6-well plate imaging 
system with a high space-bandwidth product (SBP)
Images of cell cultures can provide researchers with a wealth of information. 
However, existing imaging systems, like those shown below are limited by the 
optic's space-bandwidth product (SBP), size, and cost [1]. 
Figure 1. Commercial systems that address cell culture imaging include 
Incucyte [2] by Perkin Elmer (left) and the Leica BLX chamber incubator [3] 
(right)
Using the benefits of Fourier Ptychographic Microscopy (FPM), our lab has 
developed a new system, named EmSight [4], that incorporates the following:
• Well plate imaging: 6 independent imaging systems for each well in an ANSI 
standard 6 well plate 
• Resolution: 4.8 μm (native 0.1 NA), 1.26 μm (synthesized 0.42 NA)
• Wide field of view: 5.7 mm x 4.3 mm
• Depth of field: 60 μm (native), 200 μm (using FPM)
• Phase: phase information provided through FPM
• Pupil recovery: aberration correction and digital refocusing
• Low cost: common, cheaper components and 3D printed structure
• No mechanical scanning
• Compact size
Principle of Operation
Fourier Ptychographic Microscopy (FPM)
EmSight uses the FPM algorithm to generate phase data and computationally 
increase the brightfield resolution of the system [1]. In addition, FPM provides 
the ability to correct for aberrations and to digitally refocus the image [5]. 
Figure 2. FPM algorithm with embedded pupil recovery. 𝑃(𝑢) is the pupil 
function, 𝑆(𝑢) is the sample spectrum, and 𝑙𝑗 is the sine of the angle made by 
the LED and the center optical axis. The lowercase symbols r and u define the 
axes in the image and aperture planes respectively. The entire process is 
repeated for several iterations.
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